Eremocarya (Boraginaceae), a recently resurrected segregate of the genus Cryptantha, has generally been recognized as containing a single species, E. micrantha, with two varieties. Here we present evidence that these two varieties are distinct in a number of features and that they should be treated as separate species: Eremocarya lepida and E. micrantha. Eremocarya lepida differs from E. micrantha in having a significantly greater corolla limb width, nutlet length, maximum nutlet width, and maximum nutlet width: apical nutlet width. Eremocarya lepida also has prominent yellow fornices near the apex of the corolla throat, whereas fornices are absent and the fornix region lacks pigmentation in E. micrantha. In addition, we report the discovery of clusters of minute (ca. 0.1 mm long), transparent, stalked, ellipsoid structures born near the apex of the inner corolla tube that are associated with the five corolla fornices, these being unique to E. lepida. These structures, which we term ''fornix bodies,'' are of unknown chemistry and function, but they may possibly have a role in the pollination of the showier, larger-flowered E. lepida. In addition to these morphological characters, the two species differ in distribution, elevation, and plant community/vegetation. Eremocarya lepida occurs at higher elevation in chaparral, coniferous woodland, and high desert scrub of southern California and northern Baja California, México. Eremocarya micrantha occurs at lower elevations in desert habitats of Arizona, California, New Mexico, Texas, Oregon, and Utah in the United States, and Baja California and Sonora in México. All of these data strongly support recognition of two species in Eremocarya.
In 1859 Torrey named the flowering plant Eritrichium micranthum Torrey (family Boraginaceae), as part of the Report on the United States and Mexican Boundary Survey (Holotype G. Thurber 181, Apr 1851; NY 00335240). Torrey diagnosed this new species as a small, canescenthispid annual with slender, much-branched stems (Fig. 1A) , linear, obtuse leaves, bracteate and crowded flowers (Fig. 1B) , and minute corollas, less than ''a line'' long [i.e., less than ca. 2.1 mm] (Fig. 1B, D) , the corollas lacking appendages (Fig. 1E ). Nutlets are described as ''about onethird of a line long [i.e., ca. 0.7 mm], narrowly oblong, shining,'' glabrous, with a prominent inner sulcus [ventral groove] ( Fig. 1G ; however, note both glabrous and papillate nutlets here), the nutlets adhering to the whole length of the column [gynobase] (Fig. 1F ). (Note: a ''line'' is assumed to be 1/12 in., or approximately 2.1 mm) Subsequent to Torrey's publication, Gray (1878) named Eritrichium micranthum var. lepidum A. Gray (Holotype: D. Cleveland s.n., GH 00097023). Compared to E. micranthum [var. micranthum], Gray described var. lepidum as ''less slender and more hirsute,'' with a corolla that is ''larger, its expanded limb 2 or 3 lines [ca. 4-6 mm] in diam. (Fig. 2A, B) , the appendages or folds in the throat very manifest ( Fig. 3B-E) ; nutlets nearly a line [i.e., a little less than 2 mm] long, puncticulate-scabrous'' (Fig. 2E ). Gray contrasts Eritrichium micranthum Torrey var. micrantha as having corolla lobes ''one to twothirds of a line long,'' [i.e., ca. 1.4-2.1 mm broad] (Fig. 1D) , stating that the corolla is ''obscurely appendaged at the throat'' (Fig. 1E) . Gray described the nutlets of var. micrantha as ''half to two-thirds of a line long'' [ca. 1-1.4 mm], and ''smooth and shining or dull and puncticulatescabrous'' (conforming to the variation seen in Fig. 1G ).
In 1885 Gray classified the two varieties of Eritrichium in the genus Krynitzkia, as K. micrantha (Torrey) Vol. 61, No. 3, pp. 259-275, 2014 FIG. 1. Eremocarya micrantha. A-C. Field photographs (Simpson 3126, SDSU 19604) . A. Whole plant, a small annual. B. Inflorescence. Note small flowers. C. Root, with red pigmentation. D-E. Flowers, rehydrated from dried herbarium material of same collection (Simpson 3126, SDSU 19604 In 1909 Rydberg segregated the rough-nutlet form of Eremocarya as a separate species, E. muricata Rydberg; this was apparently named because the type material of Eremocarya micrantha (basionym Eritrichium micranthum Torrey) has smooth (''shining'') nutlets, warranting description of this new, rough-nutlet form. However, Macbride (1916) rejected Rydberg's new species, citing a co-type specimen of his Eremocarya muricata with smooth (not rough) nutlets. Macbride agreed with the ranking of Gray's earlier classifications for the two original taxa, lowering Greene's Eremocarya lepida to the rank of variety, as E. micrantha var. lepida (A. Gray) J. F. Macbride. Macbride implied that this demotion in rank was related to the common variation in nutlet morphology between the two forms, pointing out that in both varieties ''herbarium material seems to indicate that the smooth-and rough-fruited forms grow intermingled, even in the same population,'' providing ''no specific value in this genus. '' Johnston (1923) transferred varieties micrantha and lepida to the genus Cryptantha, as C. micrantha (Torrey) I. M. Johnston [var. micrantha] and C. micrantha var. lepida (A. Gray) I. M. Johnston. Johnston (1925) corroborated Macbride's observation about nutlet morphology in stating that ''nutlets of C. micrantha are exceptionally variable.'' Despite this, Brand (1931) described Eremocarya abramsiana Brand, based on an obvious specimen of lepida having smooth nutlets.
Subsequent to Johnston's 1923 treatment, the classification of these two taxa as varieties of Cryptantha micrantha has been accepted by most botanists in almost all floras for regions where the two occur (Munz and Keck 1968; Munz 1974; Cronquist 1984; Kelley and Wilken 1993; Kelley et al. 2012) . However, Mathew and Raven (1962) The two varieties of Eremocarya micrantha [Cryptantha m.] have been separated based primarily on corolla limb size and color and size of the five corolla throat ''fornices'' (singular ''fornix,'' also known as ''appendages''), the latter constituting invaginations of the corolla tissue, infolded toward the central floral axis along a common radius with the corolla lobes and slightly protruding into the upper throat. The key to these taxa, treated as varieties of Cryptantha micrantha, from Kelley et al. (2012) reads:
Corolla limb 1.5-4 mm diam., appendages larger than minute, yellow …….. var. lepida Corolla limb 0.5-1.2 mm diam., appendages minute, 6 white ……………. var. micrantha Mathew and Raven (1962) found both taxa to have a common chromosome number of n 5 12. Thus, they did not argue for their classification as separate species. These authors stated that the two taxa ''have not been found growing together'' and ''appear to be largely geographic entities best recognized as subspecies.' ' Kelley et al. (2012) described the geographic and ecologic separation of the two entities. Variety lepida occurs in ''mountain slopes, flats, valleys, granite-based gravelly soils, generally conifer forest, also chaparral, foothill woodland, Joshua-tree woodland, 300-2800 m,'' flowering ''March-August.'' In the United States this taxon is almost entirely restricted to California, occurring in the southern Sierra Nevada, Tehachapi Mountains, Transverse Range, Peninsular Range, and the northern area and the region of the Great Basin east of the Sierra Nevada Mountains. Variety lepida also occurs in multiple populations in Baja California, Mexico (Wiggins 1980; Baja Flora 2013) .
Variety micrantha occurs in ''desert flats, washes, sandy to fine-gravelly soils, ,1900 m'' (Kelley et al. 2012 ). The range of var. micrantha overlaps with but is much more widespread than var. lepida, the former occurring in southeastern California, the Great Basin, and desert regions of Arizona, New Mexico, Nevada, southeastern Oregon, western Texas, Utah, and also in Baja California and Sonora, Mexico (Baja Flora 2013; Plant Resources Center 2013; SEINet 2013).
The purpose of this article is to present evidence that these two taxonomic entities (referred to below as simply ''micrantha'' and ''lepida'') should be treated at the rank of species. We present several morphological features (including one thought to be new to science) and cite more detailed biogeographic evidence for their classification as separate species.
MATERIALS AND METHODS
Herbarium specimens were obtained and studied from the following herbaria: California Academy of Sciences (CAS), San Diego Natural History Museum (SD), San Diego State University (SDSU), and the University of California, Berkeley (JEPS, UC). A total of 352 herbarium specimens were sampled, annotated, and recorded for latitude/longitude and elevation (or these estimated from label data). From a randomly chosen subset of 45 of these specimens (approximately half for each form), dried flowers of both taxa were boiled for 2-3 min and placed on a piece of clear, double-stick tape on a microscope slide. Corolla limb width of the boiled, reexpanded flower was measured and the corolla throat was slit and the two edges peeled back, followed by staining with a drop of 0.5% toluidine blue. The corolla throat fornix region was observed, and the presence, size (length and width), and number per fornix of peculiar ''fornix bodies'' (see Results section) were measured with a video-interfaced dissecting microscope, using ImageJ software (Rasband 1997 -2007 , see Abramoff et al. 2004 ).
From the same 45 specimens, 3-4 mature fruits were detached and the nutlets removed and placed in dorsal (abaxial) view. The length, maximum width (below the middle), and width at 1/4 relative distance from the apex were measured using ImageJ. Nutlet data were segregated based on fruit heteromorphism. If selected fruits contained heteromorphic nutlets, the single (''odd'') large nutlet was tabulated separately from the generally three smaller (''consimilar'') nutlets, the latter values averaged. If fruit nutlets were homomorphic, measurements of all four were averaged. All measured nutlet parameters were averaged per herbarium specimen.
Bivariate plots were prepared for nutlet length (mm) versus corolla limb width (mm) and for nutlet length (mm) versus the ratio of maximum nutlet width to width at 1/4 relative distance from the apex (this width to width ratio an estimate of the degree of attenuation of the apical portion of the nutlet). In addition, bivariate plots were prepared for elevation (m) versus corolla limb width (mm) and for elevation (m) versus nutlet length (mm).
A principal components analysis (PCA) was conducted on samples having complete data for six characters: 1) corolla limb width; 2) length of ''fornix bodies'' (see below; if bodies absent, a zero was assigned); 3) nutlet length; 4) nutlet maximum width; 5) nutlet width 1/4 relative distance from the apex; and 6) ratio of maximum nutlet width to width at 1/4 relative distance from the apex. A second PCA was conducted using these characters except for fornix body length; this was done to compare the effect of this novel feature on the distinctiveness of the two taxa. Variables were standardized by subtracting the total mean for a feature from each individual measurement, then dividing by the total standard deviation. This transformation results in all variables having a mean of zero and a standard deviation of 1. The resulting factor scores of this PCA were plotted for the 1st versus 2nd components and 2nd versus 3rd components (only the former illustrated and discussed), and component loadings were tabulated (Table 1 ). All statistical analyses were performed in SYSTAT, To visualize character distributions by taxon, box plots showing the median and the four quartiles of distribution were prepared for 1) corolla limb width (mm); 2) nutlet length (mm); 3) nutlet maximum width (mm); 4) nutlet apical width (1/4 from apex, mm); 5) the ratio of nutlet maximum width: width 1/4 from apex; and 6) elevation (m). Each of these features was evaluated for statistically significant differences by taxon with a t-test. Statistical differences between the two taxa for a particular character were tabulated and the variation in these features illustrated in box plot diagrams, using Systat.
A map was prepared showing the distributions of all specimens examined and annotated to variety (indicated with an exclamation mark in Appendix 1) plus specimens not examined by us but identified to variety in databases (data from the CCH 2013, SEINet 2013, and BajaFlora 2013), a total of 554 specimen collections. Specimen records identified only to species (as Cryptantha micrantha, with no variety indicated) were not mapped, with the exception of 14 records: 11 records from northern Nevada and southeastern Oregon from the CPNH (2013) and three Texas records from the Plant Resources Center (2013). However, based on ranges cited in the literature, we feel confident that these represent what has generally been recognized as Cryptantha micrantha var. micrantha, what we are indicating as ''micrantha.'' Our total mapping records include specimens from ARIZ, ASC, BCMEX, CAS, CIC, DES, DH, HCIB, IRVC, JEPS, JOTR, LL, MWI, OSC, POM, RSA, SD, SDSU, TEX, UC, UCD, UCR, UNM, VVC, and WILLU (acronyms of herbaria after Holmgren and Holmgren 1998 onwards) . In addition, maps were prepared of San Diego County from the San Diego County Plant Atlas (2013) and Baja Flora (2013) databases, but using only specimens verified by us; these maps show more detailed representations of plant community and vegetation types.
RESULTS
We observed that the corolla of ''lepida'' is generally rotate, i.e., with horizontal, orbicular lobes (Fig. 3A) , whereas the corolla of ''micrantha'' tends to be more infundibular, with generally ascending, oblong lobes (Fig. 1D) . We confirmed, as originally described by Gray (1878) , that the fornices of ''lepida'' are prominent and have a yellowish pigmentation (Figs. 2B,  3C ). We also note that the corolla tube is also yellow, a feature probably missed in earlier descriptions given the tube is not normally visible because it is covered by the calyx. However, in ''micrantha'' we detected no evident fornices and no yellow pigmentation in the fornix region (Fig. 1B, E) . We also report the observation of anthers at different levels and the presence of anther apical appendages for both ''micrantha'' (Fig. 1E) and ''lepida'' (Fig. 3E) , which to our knowledge has not been previously described. We do not yet know if any of these androecial features are unique to these taxa within the Cryptanthinae; a detailed study of the corolla and androecium morphology of the complex will be the topic of another study.
An interesting discovery is the presence of unusual and distinctive structures attached to the fornices of ''lepida'', but absent in all ''micrantha'' specimens observed. These structures, which we term ''fornix bodies,'' are ellipsoid, transparent (in fresh material), and stalked ( Fig. 3D-F) ; they occur in groups of about three (ranging from 1-4, rarely 5), arising from the middle-lower portion of each of the five fornices of a corolla and positioned well above the anthers (Fig. 3E, F) . The fornix bodies have a mean length of 0.11 mm (not including the stalk) and an average width of 0.08 mm. Viewed from a face-view of the corolla throat opening and from corolla longitudinal sections, these bodies appear pendant, with a horizontal to reclined orientation ( Fig. 3D-F) . We point out that the fornix bodies of ''lepida'' are evident in live material under high magnification (even with a strong hand lens), but are more difficult to see in dried material.
A bivariate plot of nutlet length versus corolla limb width shows morphological separation between the two taxa (Fig. 4A) . A bivariate plot of nutlet length versus the ratio of nutlet maximum to width 1/4 from the apex also shows separation between the two taxa, but with more of a continuum (Fig. 4B) . In either plot, no appreciable difference is noted between samples of ''micrantha'' having homomorphic versus heteromorphic nutlets. A bivariate plot of elevation versus corolla limb width shows moderate separation between the two taxa (Fig. 4C ), but one of elevation versus nutlet length shows more of a continuous grade (Fig. 4D) .
The PCA shows a discrete separation between ''lepida'' and ''micrantha'' utilizing six characters (Fig. 4E) . The first principal component, explaining 72% of the overall variance, corresponds to size, with five characters (corolla limb width, fornix body length, nutlet length, nutlet maximum width, and ratio of nutlet maximum width: nutlet apical width) loading heavily, at 0.879-0.944 (Table 1) . This separation between taxa persists in the PCA analysis that excludes fornix body length (Fig. 4F) , with very similar variance and component loading values (Table 1) .
Based on our sampling of dried herbarium material, the corolla limb width of ''lepida'', with a mean of 2.4 mm, is significantly larger (P , 0.01) than that of ''micrantha'', mean 5 1.0 mm ( Fig. 5A ). This is not surprising, given that corolla size is the most cited feature distinguishing between the two taxa since their inception (even though corolla dimensions can shrink considerably upon drying). The nutlet length of ''lepida'' (mean 5 1.26 mm) is also significantly greater (P , 0.01) than that of ''micrantha'' (mean 5 1.02 mm; Fig. 5B ). The maximum nutlet width is significantly greater (P , 0.01) in ''lepida'' (mean 5 0.54 mm) than in ''micrantha'' (mean 5 0.41 mm; Fig. 5C ). Although the width at 1/4 down from the apex in ''lepida'' (mean 5 0.20 mm) is significantly less (P , 0.01) than that of ''micrantha'' (mean 5 0.23 mm), there is a fair amount of overlap (Fig. 5D) . Moreover, the ratio of maximum nutlet width to nutlet width 1/4 from the apex is significantly greater (P , 0.01) in ''lepida'' (mean 5 2.84) than in ''micrantha'' (mean 5 1.92), with virtually no overlap (Fig. 5E ). This metric roughly quantifies the observed difference in nutlet shape, that of ''lepida'' being apically acuminate, and that of ''micrantha'' being narrowly acute with relatively straight sides. Finally, the elevation of ''lepida'' (mean 5 1200 m) and ''micrantha'' (mean 5 500 m) are also significantly different (P , 0.01), but with some overlap (Fig. 5F) .
A map of the two taxa (Figs. 6, 7) shows discrete geographic (elevation and vegetation) boundaries between the two taxa. Generally, ''lepida'' occurs in higher elevation, mountainous regions and is restricted to mostly southern California (some populations also occur in the southern Sierra Nevada) and northern Baja California, México (Fig. 6) . In contrast, ''micrantha'' is generally much more widespread, occurring in Arizona, California, New Mexico, Oregon, Texas, and Utah in the United States; in Mexico, populations are known in Sonora, and northern to southern Baja California. In San Diego County and the Baja California peninsula specifically (for which we have maps of plant community/vegetation types), ''lepida'' occurs in mostly chaparral, coniferous forest, and high desert regions, whereas ''micrantha'' occurs in lower elevation, generally creosote bush scrub of the Lower Colorado Desert (Fig. 7A, B) , with sympatry of populations rare.
DISCUSSION
It is clear that the two taxonomic entities, ''lepida'' and ''micrantha'', differ in several features, the former with corollas significantly broader and nutlets significantly longer, wider at maximum width, and smaller at apical width, with the maximum width: apical width ratio significantly greater. These metrics quantify the qualitative differences in nutlet shape observed between the two taxa. From our observations, ''micrantha'' nutlets may be homomorphic (in which case nutlets are all smooth or all papillate) or heteromorphic, the latter by size only or usually by sculpturing and size, with one large/ odd, finely papillate large nutlet and generally three smooth smaller nutlets; see Fig. 1E . We did not observe any samples of ''lepida'' with heteromorphic nutlets, and all nutlets of this taxon were finely papillate. However, descriptions from the literature (e.g., Macbride 1916; Johnston 1925 ) indicate that there is considerable variation in sculpturing in both taxa.
Of additional importance, ''lepida'' has prominent, yellow fornices that are invariably associated with the unique ''fornix bodies'' described here, whereas ''micrantha'' lacks any obvious fornices, these regions being white and without exception lacking fornix bodies. The statistical analyses presented here justify these distinctions. In fact, the PCA analyses show the two taxa well separated, even when the average length (zero in ''micrantha'') of fornix bodies was not included.
Based on these numerous differences, we feel that these two taxa should be treated as separate species, using a taxonomic species concept (Cronquist 1978 (Cronquist , 1988 . Utilizing the resurrected genus name Eremocarya (Hasenstab-Lehman and Simpson 2012), we recommend that these taxa be recognized as Eremocarya micrantha and Eremocarya lepida (see Taxonomic section for complete synonomy). In fact, Cronquist (1984, p. 286) hinted at supporting our conclusion, stating ''The var. lepida (A. Gray) I. M. Johnston, with larger corolla-limb, is confined to southern California and adjacent Baja California; it may prove to be a distinct species.'' Even with the suite of features reviewed here, Eremocarya micrantha and E. lepida can be difficult to distinguish. The two taxa resemble one another in having red-pigmented roots and a similar branching pattern, inflorescence and bract morphology, and floral structure. In the field, E. lepida is generally more robust (at maturity often a little taller than wide) and has obvious, relatively showy corollas, but the latter can shrink significantly on a dried herbarium sheet. The fornix bodies of E. lepida also readily distinguish the two taxa, but these are very tiny and difficult to see in live material, even with a hand lens; they are even more difficult to see from dried, herbarium material, sometimes requiring re-hydration (e.g., by boiling) and staining (for better visualization). Nutlet morphology, both length and shape, is one of the better criteria to separate the two taxa. In addition, Eremocarya micrantha can be difficult to distinguish in the field from the phylogenetically distant morphology (see Simpson and Hasenstab 2009; Hasenstab-Lehman and Simpson 2012; Kelley et al. 2012) . Observation of Eremocarya micrantha specimens from Baja California, México reveals some lower elevation populations with relatively large corollas, but lacking fornix bodies and having a nutlet morphology typical of this taxon, these identified as E. micrantha but not included in our quantitative analyses. A study of these unusual populations will be the subject of a future study. The two taxa also show significant differences in plant community and habitat occurrence, with Eremocarya lepida at higher elevation in high desert/desert transition, montane chaparral, or woodland habitats and E. micrantha occurring at lower elevations on the desert floor in desert scrub and arroyo vegetation. In fact, the two are significantly different in elevation, although with considerable overlap; however, we realize that an elevation parameter is a numerical-based correlate for the nonparametric concept of plant communities. The distribution map of the two taxa generally corroborates these differences in habitat, with only a few exceptions.
We know of no other flowering plant that has structures similar to the fornix bodies described here in Eremocarya lepida. However, they may have been missed previously because they are so small and because features of the corolla are often not described in detail among members of the Boraginaceae; fruit characters have traditionally been viewed as more important taxonomically. From our personal observations, they are absent from the related and superficially similar Greeneocharis circumscissa, as well as from any observed members of Cryptantha s.s. or of any observed members of Amsinckia, Cryptantha s.s., Harpagonella, Johnstonella, Oreocarya, Pectocarya, or Plagiobothrys of the subtribe Cryptanthinae (Simpson, work in progress) . Interestingly, Cohen (2013) cited that ''glands inside corolla'' are present in most species of the Boraginaceae, including the Cynoglosseae to which Eremocarya belongs. However, these corolla glands are unlike those in Eremocarya lepida (Cohen, personal communication) .
The chemical makeup and function of the observed fornix bodies in E. lepida are unknown. They might somehow function as part of a pollination mechanism. For example, these fornix bodies might exclude certain visiting insects from entering the corolla tube subsequently conserving pollen or nectar for true pollinators; in fact, they would appear to partially block the proboscis of a visiting pollinator (Fig. 3D) . Or, they may provide some essential nutrient or resource to a pollinator, making the flowers more ''attractive'' for visitation and increasing pollination success. However, the fornix bodies actually appear to be rather persistent, as they appear to remain attached in older flowers (Fig. 3F ) or in dried herbarium material (even though appearing deflated). We plan to study both the chemical makeup and function of these unique structures. In addition, understanding the phylogeographic relationships of these two taxa will be the goal of a future study. 
TAXONOMIC TREATMENT
Eremocarya Greene
KEY
The following revised key to the two species of Eremocarya (modified from Kelley and Simpson, in prep.) may be used to separate these taxa. Corolla limb 0.5-1.2 mm diam., center white, fornices absent, fornix region white, lacking ellipsoid bodies; nutlets ca. 1-1.1 mm long, apex narrowly acute; plants at maturity generally wider than tall …… E. micrantha Corolla limb 1.5-4 mm diam., center yellow, fornices conspicuous, yellow, each with a basal cluster of tiny (ca. 0.1 mm long), pendant, ellipsoid ''fornix bodies;'' nutlets 1.2_1.4 mm long, apex acuminate; plants at maturity generally taller than wide … E. lepida
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